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ABSTRACT: Merely 2% of the gross energy consumption in Flanders (Belgium) is covered by biomass. Key 
questions to be addressed are (1) how the future regional biomass supply for renewable energy production will be 
ensured, and (2) how this feedstock can be converted most intelligently into energy. We propose selecting and 
deploying highly productive poplars - in terms of both yield and quality - in short-rotation cultures (SRC) on 
marginal arable land. These poplars should provide readily accessible biomass that is adapted to thermochemical 
conversion technologies and for combined heat and power generation. Based on a theoretical scenario analysis with 
different yield options, it was estimated that pyrolytic intermediate products from poplar may allow significant 
displacements of various sources and sinks of primary energy. To evaluate the feasibility of the more ambitious 
scenarios, we envisage advanced comparative structural research of poplar cultivars and detailed study of the 
decomposition behavior of poplars in thermochemical experiments. Feedstock and intermediary product 
characterization will be carried out at various scale levels (submicron to cm, in 2D and 3D) and processing stages by 
using a top-notch computer-tomographic scanning installation (UGCT Nanoscan) and advanced dynamic and static 
thermal analysis equipment (DSC-TGA). Some preliminary results are presented. 
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1 BACKGROUND 
 
In the near future, Flanders (Belgium) faces ample 
challenges with respect to its basic resource utilization: it 
has to increase its autonomy, become more energy 
efficient and reduce harmful atmospheric emissions, both 
at production and consumption stages. In order to 
establish this, promoting the use of locally produced 
renewable (solid) biofuels and bio-based materials could 
be a crucial first step. 
However, in Flanders, many of the targets stated in 
the international and regional incentive programs and 
action plans - in particular with respect to reducing CO2-
emissions and increasing the share of bio-energy in the 
renewable and total energy mixes - risk not to be met 
before the designated deadlines. According to the annual 
energy balance calculated for Flanders [1,2], merely 2% 
of the gross energy consumption is from biomass. 
The key challenges to be addressed are: (1) ensuring 
the future biomass supply for renewable energy 
production in Flanders, and (2) converting this feedstock 
intelligently into renewable products. Considering current 
land-use restrictions, environmental limitations and 
global socio-economical incentives, we propose selecting 
and deploying highly productive poplars - in terms of 
both yield and quality - in short-rotation cultures (SRC) 
on marginal arable land that does not have a primary 
food-feed production function. These poplars should 
provide readily accessible and easily exploitable biomass 
that is adapted to thermochemical conversion 
technologies (torrefaction, carbonisation, fast pyrolysis) 
to produce intermediate energy-densified products such 
as torrefied wood, wood char, bio-oil and wood gas. The 
products are to be used for heat and/or power generation 
or as a source for bio-based materials (fig. 1). At present, 
the largest potential for Flanders may be in (co-) 
combustion or (co-)gasification of torrefied wood, bio-
coal (from slow pyrolysis), bio-oil (fast or flash-
pyrolysis) or syngas (from gasification or as a byproduct 
from pyrolysis) in existing coal-gasifying plants, 
industrial oil-boiler or gasifier-installations, of either 
large or small scale, for combined heat-power generation. 
Because past R&D efforts and applications of 
renewable energy production from biomass have been 
dedicated primarily to biochemical conversion of agro-
based crops, Flanders has considerable arrears in the field 
of R&DT of biomass conversion via thermochemical 
processing. As a result, the huge potential of dedicated 
lignocellulosic feedstock production for thermochemical 
transformation into valuable intermediates or end-
products is underexploited and, consequently, such 
feedstock supply remains insignificant as industrial 
innovation and upscaling activities keep lagging behind. 
The Laboratory of Wood Technology and the Laboratory 
of Thermochemistry are building up expertise in this field 
at Ghent University. 
Provided a substantial dedicated feedstock supply can 
be guaranteed in the near future, these thermochemical 
conversion chains could be implemented in the very short 
term in Flanders, either in small scale or in large scale 
units. Existing infrastructures of larger energy producers 
can shift quite readily to renewable fuel sources, such as 
from lignocellulosic biomass. 
 
 
 
Figure 1: Feedstock from poplar SRC is converted to 
energy densified intermediary products (torrefied wood, 
wood-char, bio-oil and wood-gas) for various end-uses, 
e.g. (co-)combustion or (co-)gasification in coal-fired, 
gas- or oil-fired plants. 
 
Two main breakthroughs will be needed: providing 
feedstock with (1) higher dry matter yield, and (2) higher 
energy content. The main goal of this study is to assess 
and to improve the energy potential of poplar biomass 
from SRC in Flanders, on a regional scale and based on 
fundamental research of feedstock and end-material 
properties in a context of thermochemical conversions. 
 
2 ENERGY POTENTIAL OF SRC POPLAR IN 
FLANDERS: THEORETICAL SCENARIO ANALYSIS 
 
To evaluate the future potential of poplar SRC, a 
scenario analysis has been performed, defined in terms of 
annual estimates of the dry matter yield (Mton/yr) as well 
as the energy yields (in PJ/yr, based on HHV) of biomass 
produced on a fictitious areal of 100,000 ha (table 1). 
Two conservative (A and B) and three highly ambitious 
(C, D and E) scenarios have been evaluated, with respect 
to the envisaged breakthroughs. Scenario B is considered 
as a reference (business-as-usual) for the other scenarios. 
In the most ambitious scenarios (D and E), an annual 
biomass yield gain of 60% is expected relative to the 
reference scenario B, i.e. 24 ton/ha/yr instead of 15 
ton/ha/yr. The gross energy yield (HHV) is expected to 
be improved by 15% from 20 GJ/ton (scenario B) to 23 
GJ/ton (scenarios C and E). These gains should be 
obtained by way of phenotypic selection or by identifying 
genetic markers that are linked to superior phenotypic 
traits. Scenario A presents a very conservative scenario 
with suboptimal biomass and energy yields. To account 
for energy losses in the main transformation steps (e.g. 
drying, chipping), the net energy yields and conversion 
efficiencies (in CHP production chain) have been 
factored in. To keep comparisons simple, the assumption 
was made that the calculated net energy yields can 
completely displace utilizations either as electricity or as 
heat, even though CHP production is envisaged. For 
comparison, the net energy yield (excluding energy 
contained in residual ligneous fractions) and cost factors 
for enzymatic transformation of biomass to ethanol have 
been added in the five scenarios.  
 
Table 1: Gross biomass yield (in ton/ha/yr) and energy 
yield (in GJ/ton) and the transformation cost factors (for 
CHP) used to define five different yield scenarios (A to 
E). For comparison, the energy yield and cost factors for 
transformation of biomass to ethanol have been added in 
the five scenarios. B represents the reference scenario. 
 
SCENARIO A B C D E
Gross yield (ton/ha/yr) 10.0 15.0 15.0 24.0 24.0
Gain (%) -33.3 0.0 0.0 60.0 60.0
HHV (GJ/ton) 18.0 20.0 23.0 20.0 23.0
Gain (%) -10.0 0.0 15.0 0.0 15.0
Net yield (GJ/ton) 10.8 12.0 17.3 15.0 17.3
Net efficiency (%) 60.0 60.0 75.0 75.0 75.0
Pretreatment cost (GJ/ton) 2.7 1.4 2.0 0.7
Net yield (GJ/ton) 5.2 5.7
1.5
4.2 6.4 4.7
Net yield (L/ton) 218.9 242.8 176.1 269.5 197.3
Net efficiency (%) 28.7 28.7 18.1 31.8 20.2
Gain (%) -9.8 0.0 -27.5 11.0 -18.7
Biochemical Conversion (Bio-ethanol)
Dry Matter Production
Energy Content
Pretreatment Cost - Heat & Power Generation
 
 
The basic data listed to the left of table 2 are absolute 
and relative energy equivalents of energy sources and 
sinks, respectively in PJ and %, derived from the 2008 
annual energy balance of Flanders [1,2]. For comparison, 
the displacement potential of bio-ethanol obtained via 
biochemical conversion has been estimated as well in 
these five scenarios (transformation sector). The 
estimated yields and displacement potentials listed to the 
right hand side of table 2 can easily be scaled, as the 
scenarios are based on a fictitious areal of 100,000 ha. 
From the scenario analysis, it was concluded that the 
energy yield and displacement potential of thermochemi-
cal conversion pathways, as compared to the biochemical 
conversion pathways, may be significant, provided a 
sufficient areal can be found for SRC of poplar and 
superior cultivars can be selected. Flanders’ dependency 
on imported coal could be reduced to zero if replaced by 
biomass from about 300,000 ha of SRC poplar and the 
primary energy currently derived from renewables could 
be doubled (scenario E). Alternatively, about 20% of the 
electricity needs of Flanders could be covered by poplar 
biomass (scenarios D and E), implying that an areal five 
times as big or pooling five years of annual feedstock 
yields could make the electricity sink entirely green. The 
same accounts for the transportation sector, which is 
expected to become increasingly electrified in the coming 
decades [3]. The displacement potential of bio-ethanol 
from SRC appears marginal when compared to that of the 
net energy yield of CHP conversion chains. Nevertheless, 
used as a blend in liquid petrochemical fuels, bio-ethanol 
from SRC poplars could make up to 7.9% of the flemish 
transportation sink run on renewable biofuel (scenarios D 
and E), largely meeting the EU goal of 5.75% bio-ethanol 
blend. Even in the conservative scenarios A and B, 
significant displacements of primary energy sources and 
sinks can be achieved. 
 
Table 2: Annual energy balance of Flanders (for 2008 
[1,2], absolute and relative energy equivalents, resp. in PJ 
and %) with estimation of the energy displacement 
potential (in PJ and % relative to net bio-energy) as 
provided by SRC poplars grown according to the five 
different yield scenarios defined in table 1. For 
comparison, the energy displacement potential of bio-
ethanol has been estimated (transportation sector). 
 
Scenario A B C D E
1.00 1.50 1.50 2.40 2.40
18.0 30.0 34.5 48.0 55.2
10.8 18.0 25.9 36.0 41.4
FLANDERS ENERGY BALANCE [PJ] [%] [%] [%] [%] [%] [%]
Gross Consumption 1614.0 100.0 0.7 1.1 1.6 2.2 2.6
Fossil Resources (1) 1225.1 75.9 0.9 1.5 2.1 2.9 3.4
Petroleum 659.9 40.9 1.6 2.7 3.9 5.5 6.3
Gas 433.8 26.9 2.5 4.1 6.0 8.3 9.5
Coal 131.4 8.1 8.2 13.7 19.7 27.4 31.5
Other sources 388.9 24.1 2.8 4.6 6.7 9.3 10.6
Nuclear+imported electricity 256.1 15.9 4.2 7.0 10.1 14.1 16.2
Non-renewable (waste) 92.5 5.7 11.7 19.5 28.0 38.9 44.8
Renewable (2) 40.4 2.5 26.8 44.6 64.1 89.2 102.6
Transformaton sinks 377.9 23.4 2.9 4.8 6.8 9.5 11.0
Electricity & Heat 268.4 16.6 4.0 6.7 9.6 13.4 15.4
Refineries & Cokes factories 107.6 6.7 10.0 16.7 24.0 33.5 38.5
End-use sinks 1236.1 76.6 0.9 1.5 2.1 2.9 3.3
Household, tertiary & public 380.2 23.6 2.8 4.7 6.8 9.5 10.9
Industry 372.3 23.1 2.9 4.8 7.0 9.7 11.1
Transportation (3) 192.2 11.9 5.6 9.4 13.5 18.7 21.5
Non-energetic end-use (1) 291.4 18.1 3.7 6.2 8.9 12.4 14.2
Electricity (4) 189.1 11.7 5.7 9.5 13.7 19.0 21.9
2.7 4.4 3.2 7.9 5.8POPLAR to Bio-ethanol (as % of transportation)
100,000 ha                 Dry matter yield (Mton/yr)
Gross energy yield (PJ/yr)
POPLAR for Combined Heat & Power
Net energy yield (PJ/yr)
 
 
 
3 HIGH-THROUGHPUT CHARACTERISATION OF 
BIOMASS AND SOLID BIOFUEL 
 
To evaluate the feasibility of the more ambitious 
scenarios we envisaged, advanced comparative structural 
research of poplar cultivars is set up and the 
decomposition behavior of poplars in thermochemical 
processing experiments will be studied in detail. 
Feedstock and intermediary product characterization is 
carried out at various scale levels (submicron to 
millimeter levels, in 2D and 3D) and processing stages by 
using a top-notch computer-tomographic scanning 
installation (Nanoscan, UGent Centre for X-Ray 
Tomography - UGCT) in combination with advanced 
dynamic and static thermal analysis equipment (e.g. 
bomb-calorimetry, DSC-TGA). With the thermal analysis 
equipment, torrefaction, pyrolysis or combustion 
processes can be simulated, of which the insights may be 
coupled to findings of larger pilot-scale experiments in 
which the decomposition of poplar feedstock is 
evaluated.  
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Figure 2: Fresh moisture content (in % of dry weight) as 
a function of relative size yield range (in %) of two 
populations of four-year-old poplar clones, respectively 
P. deltoides x P. nigra (red, n=1060) and P. nigra (black, 
n=225). 
 
 
 A first step in the high-throughput material 
characterisation consists of a thorough assessment of 
basic growth and wood properties at stem level 
(increment, moisture content, density) of selected 
juvenile poplars grown in a nursery. In figures 3 and 4 
are presented respectively the variation of fresh moisture 
content and energy content relative to the size yield 
variation observed in two test-populations of four-year-
old poplars (hybrids of P. deltoides x P. nigra and clones 
of P. nigra). 
 Stem diameters ranged from 1 cm to ca. 15 cm. On 
average, the biomass yield of individual stems of P. nigra 
appears to be much lower than that of the hybrid 
population. It remains to be evaluated whether increased 
planting densities could compensate for the individual 
yield underperformance and similar biomass yields per ha 
can be achieved. However, the P. nigra population 
clearly presented woody biomass with a higher energy 
content (7-10 GJ/m³) than the euramerican crossings 
population (5.5-7.5 GJ/m³). Moreover, the biomass of the 
P. nigra population contained less water relative to the 
dry matter weight. These two features both make the 
biomass of P. nigra more suitable for the envisaged 
utilizations, regardless of lower individual yields (volume 
produced per tree).  
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Figure 3: Energy content (in GJ/m³) as a function of 
relative size yield range (in %) of two populations of 
four-year-old poplar clones, respectively P. deltoides x P. 
nigra (red, n=1060) and P. nigra (black, n=225). 
 
A second step in the high-throughput material 
characterisation consists of a more detailed analysis of 
the structure and properties of stem wood samples. This 
can be approached using either 2D- or 3D-imaging 
techniques that are both available at the Laboratory of 
Wood Technology.  
 
 
 
Figure 4: Two dimensional X-ray image of a thin poplar 
stem-disk (UGCT) for microdensitometrical analysis - 
pixel resolution ca. 50 µm. 
 
In figure 4, an example of a radiographic image is 
shown of a poplar stem cross-section, showing important 
density variations. These are caused by age effects, the 
interaction with annual climate variations or may be 
biomechanically induced (tension wood formation). The 
observed density variations indicate parallel variations in 
cell wall structure and chemical composition. By 
calibrating X-ray images of wood samples, real density 
distributions can be calculated from which 
microdensitometrical profiles can be derived.  
 
 
Figure 5: 3D-rendering of a poplar wood chip 
obtained with computer-tomographic scanning (UGCT, 
courtesy of Jan Van den Bulcke) - micrometer voxel 
resolution. 
 
 
 
Figure 6: High-resolution 3D-rendering of a poplar wood 
sample obtained with computer-tomographic scanning 
(UGCT, courtesy of Jan Van den Bulcke) - sub-micron 
voxel resolution. 
 
 
 The computer-tomography facility of the Laboratory 
of Wood Technology allows, furthermore, non-
destructive imaging of the internal ultra-structure of 
wood samples, i.e. in 3D and up to sub-micron scale 
levels, revealing interesting cell and cell wall features 
[4,5]. Figure 5 presents an example of a 3D-rendering of 
a poplar wood chip, at micrometer voxel resolution, in 
which vessels and fibres can be observed; figure 6 shows 
the wood anatomical structure of poplar with great detail 
in a 3D rendered image of a virtually cut tiny sample 
(sub-micron resolution). 
 Coupled to static or dynamic thermal analyses (DSC 
or TGA), the quantitative and qualitative data about the 
biomass structure may provide valuable insights in the 
chemical composition of the wood or the potential 
variations in carbon content at specified locations in a 
tree. As the imaging techniques may also be applied to 
processed material (e.g. char, torrefied wood, coal), such 
data may be used as well to help interpret decomposition 
processes in pilot-scale thermochemical experiments. 
 
 
4 CONCLUSIONS 
 
The proposed novel combination of high-throughput 
material screening and targeted thermochemical 
experiments may provide objective criteria for selecting 
poplars with suitable phenotypical traits such as superior 
growth-rate, tree morphology, wood structure, cell wall 
chemistry, moisture content and heating value. The 
obtained data may be valuable also for parametrisation 
and validation of mechanistic models of thermochemical 
processes and tree growth (C-allocation) or for 
unraveling the underlying genetic encoding of superior 
feedstock traits. 
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